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Problem 1
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Problem 2
Part B
R R
R1 R2
R=1 GOhm R=.0001 mOhm
> —— | AN
P1 MLIN 2
Num=1 TL6 Num=2
Subst="CMOS_microstrip”
W=304.3 um MSub
L=304.3 um o —
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CMOS_microstrip
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Cond=1.0E+50
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Part D

R R
R1 R2
R=1 GOhm R=.0001 mOhm
P1 P2
Num=1 MRSTUB Num=2
Stub4
MSub
Subst="CMOS_micrastrip”
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Problem 3
Part A
Before tuning:
e
| ¢ c3
R 1T C=001 fF
R1
R=16.5 Chm
<> al M I A
P1 ML J_ &5 R1 rg MLIN P2
Num=1 TL1 C=335fF L2 Num=2
Subst="MSub1" Subst="MSua1"
R
L= TULLL urm i == Vees
= SRCi =
=100 M3 ®

R1=1e100 Ohrn

RF2=200 Ch
i MSub

SUE

MSubi

H=6 um
Er=2.7
Cond=1.0E+50
T=.25um



mi

freq=100.0GHz

S(1,1)=0.614 /-140.038
impedance = Z0 " (0.269 - j0.340)

m2

freq=100.0GHz

$(2,2)=0.583 / -15.808
impedance = Z0 * (3.026 - j1.453)

freq (90.00GHZ to 110 0GHZ)

High-Impedance 5 um-wide line:
Tune to constant conductance:

&
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) 15 Z=001TF
1
R=16.5 Ohm
A - <5
P1 A LI J_CQ El RS R LIT P2
Mum=1 TL1 C=33.8f1F iz Mum=2
Subst="m5ut1" Subst="mM5ub1"
V=5 U 1 V=5 Um 1
=21 um it — _L VoD _L =422 um JtY
— S5RC1 _
G=100 mS
MSub R1=1e100 Chm
R2=200 Chm
MS LB
=10 ek
H=6 um
Er=27

Cond=1.0E+50

T=28um



m1 m2
freq=100.0GHz freq=100.0GHz
S5(1,1)=0.630 /-128.940 5(2,2)=0.176 / -100.354

admittance = Y0 * (0.996 +j1.621)| |ladmittance = Y0 * (1.001 +j0.358)

e //_ B Py
ya AN
\ mi m\é

&Y

=

freq (90 00GHz to 110 0GHz)

3 e
] —

“""'-—..._h____\_ [ =

Adding shunt inductance to move along constant circle of conductance:
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R=16.5 0hm
WA+ s B <>
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= _MLEC I I i = C=3aaff_ 2 { gl - MLSC Num=2______
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M Sub R1=1e100 Ohm
R2=200 Chrn
MSLB
MS U
H=6um
Er=2.7

Cond=1.0E+20
T=25um



m1
freq=100.0GHz
S5(1,1)=0.002 /-16.997

admittance = YO * (0.996 +j0.001)

m2
freq=100.0GHz

5(2,2)=9.954E-4 /-147.940

admittance = YO

*(1.002 +j0.001)
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freq (90 00GHz to M0.0GHz)

Low-Impedance 50 um-wide line:
Tune to constant conductance:
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| ¢ C3
= 1€ C=.001fF
E1
F=16.5 Ohm
O v <
P1 FALIT J_ c2 i REZ RALIMN P2
Mum=1 TL1 C=3351F TLZ Mum=2
SLbst="mSupb1" Subst="MSuk1"
[=aTn T V=5 )
== .2 LI = _LVCCS _L =375 urn itl
— SRC1 _
=100 ms
MSub R1=1e100 Ohm
FZ2=200 Ohm
M5 LB
M5 LI
H=6 um
Er=27

Cond=1.0E+20
T=25um




m1 m2
freq=100.0GHz freq=100.0GHz

S(1,1)=0.876 /-151.147 5(2,2)=0.891 /-152.944
admittance = YO * (1.000 +j3.630)| |[admittance =Y0 " (0.996 + j3.918)
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freq (90 00GHz to 1M0.0GHz)

Adding shunt inductance to move along constant circle of conductance:
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i P1 ML J_ {35 1 RE LI P2
Cpum=q  MLSC TL1 C=33.5fF L2 MLSC pum=2
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i = e = — =
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R2=200 Chm
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H=6 Lm
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i Caond=1.0E+50
| T=23um



m1 m2

freq=100.0GHz freq=100.0GHz

S(1,1)=7472E-4 /-113.021 S5(2,2)=0.002 /-2.284

admittance = Y0 * (1.001 +j0.001)| jadmittance = YO * (0.996 +j1.497E-4)
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Part B
Initial Lumped RC Matching Circuit
B | € C=.001fF
R1
R=16.5 Ohm
- 2 FTrTY Ty . 2 LYYy "
O : —Lo
P1 c4 |:1 E2 R1 RZ Lo 5 F2
=1 I ICZSS'S " ““m
— =L 1 wvces 1 —
— SRCH —_
G=100ms
MSub R1=1e100 Ohm
R2=200 Chm
Ms LB
i E=10 o]
H=86 um
Er=27

Cond=1.0E+50
T=25um _ -




Lumped RC Matching Circuit after tuning

i
| £ -
R IR C=.001 fF
R1
R=16.5 Chm
— W\, )
J_ C4 ’ RL RZ ::2 P2
Num 1 G= 4539fF{tt 13,02 pH ) c 335 fF 25L=13?.85pH{t} Nurm=2
I I C=1378 fF {t}
= — 1 wvces 1 I
=t SR =
G=100msS =
MSub R1=1e100 Ohm
R2=200 Ohm
MSUB
MSub1
H=6 um
Er=27
Cond=1.0E+50
T=25um
m1 m2
freq=100.0GHz freq=100.0GHz
S(1,1)=6.754E-4 / -68.804 S(2,2)=5.253E-4 / 101.187
admittance = YO * (1.000 + j0.001)| |impedance = Z0 *(1.000 +j0.001)

freq (90.00GHz to 110.0GHz)



Problem 4

Part A)
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Part B)
&
| ¢ E3
R [N C=001 fF
R1
R=16.5 Ohm
= o+ ’\M
L C4 L ElL RE
Num1 j‘l:(j 4539fF{t =113.02 pH {1} IC 33 5.1
— — _L YCCS
— SR =
G=100 mS

R1=1e100 Ohm
R2=200 Ohm

P2
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Part C)
=
. .
= By C=001fF
R1
R=16.5 Ohm
‘ AN L ) =
R1 R2 Lo =}
N 1 c 335 fF =2
A L 113.02 pH 1} " L=137.85 pH ™"
c 4539 F {it cs
= _]_ VCCS _L L C=1378 F {f}
— =
— G=100mS s
R1=1e100 Ohm —
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Part D)
m 1 m2
freq=100.0GHz freq=100.0GHz
S(1,1)=6.840E-4 /46.714 $(2,2)=5.260E-4 / 108.216
admittance = Y0 " (0.999 -j9.950E-4[inpedance = Z0 " (1.000 +j9.989E-4)
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Pt

freq (0.0000Hz to 1.000THz)




Tuning is more complicated now that S11 and S22 are dependent on each other.

Part E) It is impossible to match the circuits because the connections between the input and the
output (Cgd) is too large. In other words, S11 and S22 are too dependent on each other to

perfectly match the networks.

Problem 5

SC-High-Impedance-Shunt Stub and Series Line at Input

c
[ ¢ %
R 1§ C=001 fF
R1
R=16.5 Chrm
O] ' ANN—— " < )
P MLIN J_ 2 - - P2
Num=1 TL2 C=a35fF Nurm=2
Subst="MSub1"
\W=5 B5 urn
L=522 5 um {t} MLSC = { wveces 1 MSub
TL1 = S =
Subst="MSub1" gf%u o MSUB
= uo R1=1e100 Chm MSub 1
— L=174.52 um {t} BE9=200 Chm H=F um
Er=2 7
Cand=1 0E+50
T=.25 um

1

freq=100.0GHz
S(1,1)=3.518E-4 / -44 BAE9
impedance = Z0 * (1.000 - j4 866E-4)
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SC-High-Impedance-Shunt Stub and Series Line at Output

MSub
MSUR
MSub
H=6 um C
Er=2.7 £ c3
Cond=1.0E+50 R Y C=.001 fF
T=725 um 1
R=16.5 Chm
C e NN o KD
=4 '\‘1L' 0 BEi ER A LI P2
Murn=1 C=3351F TL4 Nurn=2
Subst "MSuh1" Subst="M Sub1"
W=5 65 urm {tt Wi=4 12 urm {tt
L=522 5 um {t} MLSC L Vers L=626.5 um {t} MLSC
L — —L— e = TL3
Subst="M Sub1" G100 s Subst="MSuh1"
v om R1=1e100 Chm Vil
— =174 .52 umn {f} F2-000 Ohm — .=524.18 um {t}
m m2

freq=100.0CGHz
S5(2,2)=7 421E4
impedance = £0

freq=100.0GHz
S(1,1=4 1126-4 / -6 367
impedance = 20 % (1.001 - 4 127E-5)

*(1.001 -j0.001)

{-B1.755

TSN s

e

\/

freq (90.00GHz to 110.0GHz)
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Problem 6

o
[ ¢ o3
= 15 C=.001 TF
R1
R=3.20hm
C} o "'WL ALS L, 3 o WL (:)
B Lg Ei E& g b
e 811 [=32.42 pH it} I c:zun I 5 L=35.62 pH T2
A 12
SRR =T Fces Rk —— =11.874 F it}
= CRC =
5 =300 mS
= R1=12100 Ohmm s
RZ=60 Ohm
m m2
frec=100.0GHz freq=100.0GHz
5(1,1)=5.570E-4 / 100.676 5(2,2)=2.470E-4 / 169,894
impedance = Z0* (1.000 +j0.001) impedance = Z0* (1.000 + j8.663E-5)
e d
o —
oo
freq (0.0000Hz to 300.0GHz)
Part B
a a9

x5 = .
20—

= D_
20—

= 7]

W s )
a0 55 1
@ o

- =T b

a0

-100—
] -12’3_/\

'80||||||||||||||||||||||||||||| '143|||||||||||||||||||||||||||||
a a0 100 150 200 280 300 a a0 100 150 200 250 200

dB(5(2,27)
dBis(115)

freq, GHz freq, GHz



Problem 7

Part A
MSub
MSUB
MSub1
H=B um C
Er=2.7 [ ¢ o]
Cond=1.0E+50 R 1% C=.001 fF
T=25um R1
R=33 Ohm
= W LI J_ ) 1 R2 WLIMN =]
Nurn=1 o =200 fF TL4 Nurn=2
Subst="MSub1" Subst="MSub1"
W=7 81 um W=7 .81 um
loe  L=8asumig L { veces 1 MLOC =135 um 4t}
T - = SRC1 = r _.. 7
Subst="MSub 1" gﬁ?”g?m \?\fﬁ}ﬁf
= =l m 5
\E\i34313'.§4uﬁnm{t} R2=60 Ohm L=38 um &
m1 m2
freq=100.0GHz freq=100.0GHz
S(1,1)=0.004 / 59.356 S(2.2)=7.315E-4 /-12.850
impedance = Z0 * (1.004 +j0.008) impedance =20 " (1.001 - j3.258E-4)
/,,-—ﬂ"ﬂ_ﬁ_—_—__h‘_‘“-—h\\

freq (0.0000Hz to 300.0GHz)



Part B
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freq, GHz freq, GHz
Problem 8
o & C e o X
c [ v foic] [ [
Ch cT =] i e C=.001 fF cq 10
C=7.281F it} C=7.281F {tFl?'l C=4.9451F {- C=4.9451F -1}
—|— R=3.3 0hm —|—

OO B AAN—I— e <>
P1 b J_CQ =1 RS t? P2
MHurme=1 =3 4 pH{t} C=200fF L=55 6 pH {i} Murm=2

L L
i3 LA
% == Yoos =
} L=2288 pH {1} = oncd = § L=2.675 pH{t}
G=300 mS
—] i R1=1e100 Ohrm — &l
o R2=60 Ohm o
c4 [
| C=56.91F it} LC.ES.SEI'F {-t
L4 LA

L=22.88 pH {t}

L=2.675 pH{t}



mi m2

freq=100.05HZ freq=100.05HZ

S(1,1)=0.001 / 87.930 S(2,2)=0.034 f93.835

impedance = Z0* (1.000 + j0.002) impedance = Z0* {0.993 + j0.067)

=
ik ok
oo
freq (0.0000Hz to 300 0GHz)
Part B)
a fu]
g o
10—
. a

dB(S(2,27)
dB(S(1,1;) e
g ;
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dBi51 25
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